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.2012.09.0Abstract Pomatoleios kraussii is a lessepsian migrant in the Suez Canal and form the most abun-
dant serpulid (sessile polychaetes) in Suez Bay. It ﬁrstly appeared in western side of the Suez Gulf.
But it is now present in all regions of Suez Gulf. P. kraussii live at the intertidal zone in the Suez
Bay. It forms dense aggregations in shallow water on natural hard submerged substrates. A quad-
rate made of wood with 20 · 20 cm was used to collect the dense populations of P. kraussii, at
monthly intervals from January to December 2008. The population density of P. kraussii reached
193797 worms/m2 and its annual settlement reached 16150 worms/m2 in the Bay. The species
appears preferentially in Winter while its least presence was detected in summer. The lengths of both
the worm body and tube are mentioned for a year. The tube is extending from 19 mm to 42 mm in
length. The worm body length ranged from 7 mm to 35 mm. There is a direct correlation between
the lengths of both the tube and the worm. This means that the greater the length of the worm the
greater the length of the tube. Tube is pale blue in colour and carries a projecting ﬂattened dorsal
ridge. Operculum is ﬂat with winged stalk and desk shaped. No collar setae. The body symmetrical,
with 6 thoracic setigers and long abdomen. Thoracic dorsal setae limpate capillaries; ventral uncini
with numerous teeth and gouge. All body regions are described in details.
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rights reserved..com (A.A.M. Belal).
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01Introduction
Pomatoleious kraussii was originally reported from South
Africa (Baired, 1865). It is a serpulid polychaete widespread
in the – Indo-West Paciﬁc (Straughan, 1967). Serpulids, with
their calcareous tubes, may become a nuisance in harbours
or other susceptible environments, as they are able to form
dense encrustations on solid structures such as quay, maricul-
ture equipment and ship hulls (Ben-Eliahu and Ten Hove,
1992; Relini, 1993).uction and hosting by Elsevier B.V. All rights reserved.
24 A.A.M. Belal, A.F.A. GhobashyBelal (2001) showed that P. kraussii was the most dominant
species at the intertidal zone in the Suez Bay and found its tube
aggregations (2014 worms/m2) forming coralliform masses on
intertidal rocks, wrecked boats, robes and all natural hard sub-
strates. While Shalla (1985) and Ghobashy et al. (1986) found
this species as a few solitary specimens never exceeding four
worms. Barbary (1992) found it in clusters and associated with
other tube worms, but in moderate quantities. Shalla and Holt
(1999) observed that P. kraussii has become tremendously
spreading both intertidally in the northern part of the Suez Ca-
nal and the Eastern Mediterranean. The density of this species
was observed in April, 1999 in Lake Timsah and Bitter Lakes
reached about 9600 worms/m2. Emara and Belal (2004) con-
ﬁrmed the wide spreading of P. kraussii in the Bitter Lake
and Lake Timsah. Also, it was collected from Port Said by
Heaba (1987). P. kraussi was sporadically found at Alexandria
coast, Egypt (Selim, 1997a,b; Abd-Elnaby, 2005). Ghobashy
and Ghobashy (2005) reviewed the fouling in Egyptian marine
water and recorded that, both Spirobrancus tetraceros and
P.kraussi compete Hydriodes elegans at Alexandria and at
the Suez Canal and Suez Gulf, respectively. Unlike the latter
species S. tetraceros and P. kraussi were abundant on all sub-
merged surfaces except on the test panels. The differences in
the serpulid habitat may be a result of their gregarious behav-
ior, which enhances their spreading.
Galil (2007) showed that P. kraussii is among 284 alien spe-
cies being introduced from Red Sea/Ind-West Paciﬁc through
the Suez Canal. He also claimed that the Erythrean aliens are
thermophilic, originating in tropical waters. It stands to reason
that rising sea-water temperature enhances the reproduction,
growth, and survival of the Erythrean aliens, and provides them
with a distinct advantage over the native Mediterranean biota.
This coincides with the ﬁnding of Cinar (2006a) who recorded
that P. kraussii formed dense populations on shallow Levantine
coast of Turkey. Its density and biomass up to 52,000 individu-
als/m2 and 154.76 g/m2 respectively, in Iskenderun Harbour.
The aim of this work is to give details about the serpulid
occurrence and density of settlement as well the structure of
the worm.
Materials and methods
The samples were collected from seven stations at the intertidal
zone of Suez Bay (Fig. 1).
They were monthly collected from January to December
2008. The seven stations of collection are:
Station I: El-Adabyia Harbour.
Station II: El-Ataqa Port.
Station III: The National Institute of Oceanography and
Fisheries (NIOF).
Station IV: The bridge of Ataqa Electric Power Station at
the area called Green Beach.
Station V: Suez City domestic sewage outfall at El-
Kapanon.
Station VI: Thermal Power Station in Suez.
Station VII: Suez Canal north to the Suez Bay at Port Tau-
ﬁq area.
In each station collection was carried out from various sub-
strates i.e., stones, sand, algae and other hard substrates, usinga quadrant of 20 · 20 cm. Collected samples were washed
through a 0.5 mm mesh sieve and ﬁxed with 10% formalde-
hyde solution.
Both the lengths of the tube and the body of 50 worms were
measured, under a sterio microscope to ﬁnd out their relation
to each other.
The length of the worm and its different parts for 12 worms
were measured under a sterio microscope.
Results
Distribution of the P. kraussii in the Suez Bay
Spatial variation
The distribution of the P. kraussii in the Suez Bay varied
widely within the different stations.
The highest density of the serpulid was recorded at stations II
and V (Fig. 2) (49574 and 47915 worms/m2/year, respectively)
withmonthly average of 4131 and 3993 worms/m2, respectively.
Station III encompassed 44557 worms/m2/year, with monthly
average of 3713 worms/m2. The stations I and IV recorded the
lowest density of P. kraussii (29045 and 22706 worms/m2/year,
respectively) with monthly average of 2420 and 1892 worms/
m2, respectively). On the other hand, stations VI and VII were
completely empty from the worm (Fig. 2).
Temporal variations
Temperature range varied between 19.70 C and 29.60 C in
average; Salinity from 41.14% to 42.40% and pH ﬂuctuated
between, 7.73 and 8.68.
The results show that the settlement density of P. kraussii
was the highest during winter and spring as the collected
worms reached 85056 and 65653 worms/m2/seasons, respec-
tively with an average of 28352 and 21884 worms/m2, respec-
tively (Figs. 3 and 4).
Summer and autumn were the least in the rate of settlement
of the species. The worm crop was 18586 and 24502 worms/
m2/seasons, respectively, with an average of 6195 and
8167 worms/m2, respectively (Figs. 3 and 4).
The measurements of the worm body organs
Length of the worm and its tube
The lengths of both the body and tube of 50 worms were mea-
sured under a sterio microscope. ﬁg. 5 showed that, the tube
length ranged from 19 mm to 42 mm. While, the body length
of P. kraussii, ranged from 7 mm to 35 mm. There is a direct
correlation between the lengths of the worm and its tube
(R2 = 0.6202). The tube length is about one and half the
length of worm inside (Fig. 5).
Length of the worm body organs
The measurements of the total length of the worm, branchial
crown, thorax, abdomen, and number of abdominal segments
revealed that, a specimen with 6 thoraic setigers (collar chaetae
absent) has 15.4 mm long, thorax 3.4 mm long, 2.9 mm wide,
abdomen 9 mm long with 65 setigers. Branchial crown is
3 mm long, 3 mm wide. Another specimen of 22 mm long,
thorax 3 mm long, 2.9 mm wide, with 6 setigers, abdomen
15 mm long with 60 setigers. Branchial crown had 4 mm long,
Figure 1 Map of the Suez Bay showing the sampling stations from I to VII and sources of pollutants.
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Figure 2 Spatial settlement of the serpulid (worms/m2) of the investigated area.
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that, the abdominal length does not coincide with the number
of abdominal segments. i.e. there is a partial direct correlation
between the length of the abdomen of the worm and the
number of its abdominal segments.
Description of the collected specimens
Tube
Outer surface of the tube pale blue in colour, the ﬂattened dor-
sal ridge projecting forward over opening of the tube, the tube
opening as well as the inner side of the tube blue or violet.
Tube calcareous, more or less triangular in cross section,characterized by three longitudinal ridges, a medio-dorsal
one wavy, weakly serrated and projecting over the tube – aperture
like a ﬂap and on either side there is very faint secondary
ridge. Growth lines are well developed.
Length of P. kraussii, worm ranged from 7 mm to 35 mm,
while, the tube length from 19 mm to 42 mm.
Branchial crown
The branchia are arranged into two fans, with 14–15 ﬁlaments
in each. The fan united at its base by a thin branchial mem-
brane which extend up to about half the branchial length.
The upper free half is divided into an internal biramous part
and an external long tapering ﬁlament. Branchia are decorated
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Figure 3 Monthly settlement of the serpulid (worms/m2) of the investigated area.
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Figure 4 Seasonal settlement of the serpulid (worms/m2) of the investigated area.
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Figure 5 Relationship between tube length and body length of P. kraussii.
26 A.A.M. Belal, A.F.A. Ghobashyby six dark blue spots on the pale yellow ﬁlament, ﬁve of them
small and lie on the upper half and the last at the lower half
near the branchial membrane. Eye spots absent (Fig. 6).Operculum
It lies on short, broad and winged pedicle, which inserted on
the left half of the branchial crown, almost at the middle line
Settlement behaviour and description of the lessepsian immigrant of the serpulid polychaete Pomatoleios kraussii 27of the dorsal surface. The wings extend laterally, each with a
straight edge and a tapering end, close to the operculum.
The pedicle is thick and appears segmented in the ventral side.
Operculum ﬂat, somewhat concave. Its calcareous plate ex-
tends ventrally like a cup-base forming a dark brown talon.
The operculum and the pedicle are white in colour with few
brown spots (Fig. 6).
Collar
Well developed, consisting of three lobes, the ventral thick,
broad, folded ventrally and laterally extended. The two lateral
extend dorsally. A small process (1 anguet) in between the lat-
eral and the ventral lobes.
Thorax
It consists of six setigers. In addition to an anterior non-setiger-
ous segment. The setae similarly carry striated blades, 8–10 teeth
in each thoracic uncini; the most anterior one in the row is the
largest and gouged underneath. A thorathic membrane extends
posteriorly and covers the ﬁrst abdominal segment and free
from its ventral side. The colour of thorax pale yellow (Fig. 6).Figure 6 Pomatoleios kraussii. (a) anterior end, lateral view. (b) thora
abdominal uncini.Abdomen
Long, more or less rounded in shape, very distinct segmenta-
tion from its ventral surface, and has a deep faecal groove.
The abdomen with variable number of segments. The abdo-
men colour pale brown. Its setae trumbet-shaped, ﬁnally
toothed and a side of them produced into a long spine. At
the last few adominal segments (10–15), the trumbet-shaped
setae become very long and obliquely situated. Abdominal
uncini with 10–11 teeth with the most anterior one the largest
and gouged underneath (Fig. 6).
Discussion
P. kraussii is Red Sea – Indo-West Paciﬁc in origin. Obviously,
the great increase in the width and depth of the Suez Canal,
has allowed faster currents together with the increase in water
temperature in the Levant Sea due to global warming, facili-
tate the entry of a larger number of Erythrean species into
the Mediterranean (Galil and Zenetos, 2002).
It is suggested that P. kraussii is a passive Lessepsian mi-
grant, which succeeded in settling initially in low numbers as acic seta. (c) Trumpet-shape abdominal seta. (d and e) thoracic and
28 A.A.M. Belal, A.F.A. Ghobashysettler organisms in the bay, in spite of the somewhat high salin-
ity (salinity range varied between 41.14% and 42.40% in aver-
age) and pollution. The population has clearly become
efﬁciently well established to form substantial intertidal
aggregations (Fig. 7). They can also clog seawater intake pipes
of industrial cooling systems (Straughan, 1968). He noted that
P. kraussii is amongst the subtidal foulers occupying the inside
of a power station in Australia. However in Japan, Miura and
Kajihara (1984) described it as non-foulerwhich forms awell de-
ﬁned zone in the intertidal areas. In Egypt various studies in
Eastern Harbour of Alexandria (Selim, 1997a,b; Abd-Elnaby,
2005) and Suez Canal (Ghobashy et al., 1986; Shalla,1985;
Barbary, 1992; Shalla and Holt, 1999; Emara and Belal, 2004)
and the present study at Suez Bay has found the worms on
natural object and never on artiﬁcial objects. Thus, for the time
being, the species is not considered as a fouling organism.
Belal (2001) recorded this species for the ﬁrst time in the Suez
Bay.Also, she recordedP. kraussii for the ﬁrst time at the Eastern
part of Suez Gulf (EionMossa), with an average of 1385 worms/
m2 (summer, 2011). She estimated that P. kraussii is the most
dominant species in the Suez Bay, where it represented 95.3%
of the total settling organisms. It is very commonly observed atFigure 7 General view of dense populatiothe intertidal zone, attached to rocks, wrecked boats, ropes and
all hard substrates but not on test panels.
This coincides with the ﬁnding of Abdulla and Linden
(2008) who stated that P. kraussii has been highly successful
in the Levantine basin. Also, according to their study of the
Levantine coasts of Turkey, the alien serpulid species domi-
nated rocks, molluscs and artiﬁcial substrates (such as dock
pilings, ropes and tyres), making up more than 95% of the ani-
mals found in these habitats. They also constituted more than
85% of the epiphytic polychaetes on algae such as Ulva and
Cystoseira (C¸inar et al., 2006b,c).
It is clear that the relation between a worm and its tube
lengths is constant and steady and as the worm elongates, its
tube length increases one and half times the worm elongation.
In addition, there is a partial direct correlation between the
length of the abdomen and the number of its abdominal seg-
ments. The tube length ranged between 19 mm and 42 mm,
while its body length ranged from 7 mm to 35 mm in length.
The total length of the worm was 14 mm according to Pixell
(1913); 25 mm in length according to Day (1967). Specimens
of Shalla (1985) reached 17 mm. Belal (2001) specimens
reached 25.5 mm in some collections. While the largestns of Pomatoleios kraussii in Suez Bay.
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ar, 2006a).
The present specimens are similar to those described by
Day (1967), Shalla (1985) and Barbary (1992) and differ from
Pixell (1913) description in that, thoracic uncini carry 10–11
teeth, while in the present specimens they have 8–10 teeth.
The present study indicates that, the most productive sea-
sons for this species are winter and spring, they had recorded
an annual average of 28352 and 21884 worms/m2, respectively.
Summer and autumn had the lowest density of the worm
settlement. Their annual crops were in average of 6195 and
8167 worms/m2, respectively. Apparently high temperatures
are not favoured by this species at settlement. This coincides
with the ﬁnding of Crisp (1977) who demonstrated that subop-
timal temperatures had a signiﬁcant effect on both duration of
development and survival in P. kraussi. He also, advocated
that at low temperatures of 15–21 C the development to meta-
morphosis was not completed and at 15 C it did not proceed
beyond the gastrula stage. At 23–25 C P. kraussi developed to
metamorphosis in 17–18 days, while it took only 7–13 days to
reach that stage at 27e. At 30 C, the development was even
faster, the advanced trochophore stage being reached in 4 days
but metamorphosis was never observed.
Near El-Ataqa Port with its pollutions and at the Suez City
with domestic sewage outfall at El–Kapanon, the highest pop-
ulation density (49574 and 47915 worms/m2/year, respectively)
had been procured.
Contrarily at El-Adabyia Harbour and near the bridge of
Ataqa Electric Power Station at the area called Green Beach
the lowest populations density (29045 and 22706 worms/m2/
year, respectively) were collected. The latter station is affected
by the water used for cooling of machines and discharged it in
the bay causing a thermal pollution in the area. Belal (1995)
estimated petroleum hydrocarbons in the sediments of this sta-
tion with an average of 125.1 lgg1. These pollutants may be
the reason for the lowest density.
Surprisingly at both stations VI and VII the species encrus-
tations were completely absent all over the year. The former
station is located near the Thermal Power Station on which
discharges in the bay the water used for cooling causing a ther-
mal pollution in this area (the temperature reached 37 C in
July with annual mean of temperature reaches 27.7 C). Also,
it is affected by efﬂuent water coming from El-Zietyia Port and
Oil Production companies; Suez and Al-Nasser petroleum
companies. These reﬁneries discharge huge amounts of marine
water contaminated with oil (16 · 103 m3 h1) to this area
(Said, 1992). Consequently, sediments are polluted by a great
amount of petroleum hydrocarbons reaching 359.6 lgg1 (Be-
lal, 1995). This may be the reason of the absence of settling
organisms at this station.
On the other hand Station VII is located at the inlet of Suez
Canal north to the Suez Bay. It is exposed to strong sea waves
caused by the action of the traversing vessel. The shore consists
of large rocks, stones and the sediment type is coarse sand. The
high wave actions apparently prevent the larvae to settle. This
coincides with the ﬁnding of Straughan (1969) who stated that
P. kraussii is more abundant on sheltered surfaces rather than
on those exposed to strong water currents.
Generally speaking, P. kraussii is the most abundant and
extends to the highest intertidal levels at sites that are exposed
to low water currents. This conclusion agrees well with the
ﬁnding of Miura and Kajihara (1984) who stated that, P. kraussiiprefers sheltered areas. Also, Pillai (1960) reported that the lar-
vae prefer places with aerated and wet with water.
In the present study the population density of P. kraussii
reaches 193797 worms/m2/year, with monthly average of
16150 worms/m2/in the Suez Bay. This can be compared with
few specimens collected from Lake Timsah by Shalla (1985)
and Barbary (1992). Nevertheless Shalla and Holt (1999) re-
corded great increase with an average of around
9600 worms/m2 in Lake Timsah.
The development of biofouling communities, tubiculous
polychaetes often dominate only in the initial stage of commu-
nity formation. Climax biofouling communities usually domi-
nate by large and long-lived species such as oyster, sponges
and barnacles, on some wharfs, ships and mariculture cages
in Hong Kong, and in Alexandria (Ghobashy and Ghobashy,
2005). However, eitherH. elegans or P. kraussii still dominate,
indicating the local importance of these two species. It also
suggests that these species can override other large species
and become dominating in the community structure by virtue
of high population densities, centralized settlement periods
and rapid growth rates (Wang and Huang, 1993).
One of the most striking features of the settlement of this
species is that it forms overwhelming aggregation now in most
of the Egyptian Harbours, on naturally submerged objects
only and not on artiﬁcial ones. On the other hand, H. elegans,
in parallel to P. kraussii, represents the most overwhelming set-
tler on the test panels (artiﬁcial objects) but nearly absent on
the natural sites. Such site segregation at settlement of the
two species is really surprising and need experimental work
to elucidate this phenomenon.
However, settlement of P. kraussii takes place mainly in
the intertidal areas on the natural object is clearly different
for the tendency of H. elegans to choose the quite submerged
artiﬁcial substrata far from the intertidal areas. These differ-
ences in their habitat may be a clue for such surprising
phenomenon.
Belal (2001) stated that P. kraussii recorded the highest va-
lue of heavy metals Pb, Cd, Co, Ni, and Zn surfaces more than
P.n. brevicirris in all Suez Bay, with the exception of Co in
Green Beach (location IV) and Pb, Ni in Ataqa location (II).
P. kraussii apparently is not only adapted to settle on pol-
luted surfaces, but it is also ﬂourishing in the polluted water of
the Suez Bay. Thus the species may be used as biological ﬁlter
to these heavy metals in the sea water. Meanwhile, it may be
used as biomonitor to these elements in seawater.References
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